OBJECTIVE -Diabetic nephropathy (DN) became the leading cause of death in diabetic Pima Indians in the 1970s, but was superseded by ischemic heart disease (IHD) in the 1980s. This study tests the hypothesis that the rise in the IHD death rate between 1965 and 1998 is attributable to access to renal replacement therapy (RRT).
D
iabetes is the leading cause of endstage renal disease (ESRD) in the U.S., accounting for 43% of new cases (1) . Rapid increases in the incidence rates of both diabetes and kidney failure attributable to diabetes have led to the prediction that diabetes may soon account for half of the new cases of ESRD in developed countries (2). Diabetic ESRD is also increasing rapidly in developing countries, where the public health infrastructure to care for this disease is limited (3) . In the U.S. there is considerable racial/ethnic variability in the incidence rate of ESRD in diabetic populations, with much higher rates in American Indians, Hispanics, and African Americans than in non-Hispanic whites (3, 4) . The highest rates are found in American Indians, in whom the incidence of diabetes has risen dramatically over the past 50 years, probably as a consequence of dietary and lifestyle changes (5, 6) .
As recently as the 1970s, standard clinical practice in the U.S. typically excluded most persons with diabetes from dialysis and transplantation, in part because their poorer prognosis relative to other causes of ESRD made it difficult to justify expending limited resources on those with diabetes. Now, because of better control of diabetes, advances in the technology and delivery of renal replacement therapy (RRT), and widespread availability of federally funded RRT, criteria for initiation of RRT have changed so that diabetic patients make up the single largest group of RRT recipients. This change in clinical practice and in the availability of RRT may have altered the causes of death among diabetic patients, particularly in populations at high risk for diabetic kidney disease, since RRT permits those with diabetic ESRD to survive for long periods after the loss of kidney function.
In this study, we examined the impact of RRT on underlying causes of death from 1965 through 1998 in diabetic Pima Indians of the Gila River Indian Community, an American Indian population with an incidence rate of diabetic ESRD 14 times that of the U.S. diabetic population aged 45-64 years (7). RRT became available on a limited basis in the community in the 1970s and was widely available by the early 1980s. During this time interval ischemic heart disease emerged as the leading underlying cause of death among those with diabetes (8) .
RESEARCH DESIGN AND METHODS -Pima Indians and the closely related Tohono O'odham (Papago) Indians, who live in the Gila River Indian Community in the desert of central Arizona, participate in a comprehensive longitudinal diabetes study. Since 1965, each member of the population Ն5-years-old is invited to have a research examination approximately every 2 years. These biennial examinations include measurements of venous plasma glucose, obtained 2 h after a 75-g oral glucose load, and an assessment of complications of diabetes. Diabetes is diagnosed by World Health Organization criteria (9) , and the date of diagnosis is determined from the biennial examinations or from review of clinical records if diabetes is diagnosed between research examinations in the course of routine medical care.
The study population of 2,095 subjects included all persons with type 2 diabetes who resided in the community at any time between 1 January 1965 and 31 December 1998 and had one or more research examinations after 35 years of age. Each subject's vital status as of 31 December 1998 was determined. The underlying cause for the 818 deaths was determined by review of clinical records, reports of autopsy findings, and death certificates as described previously (10) . Terminology and codes of the International Classification of Disease, Ninth Revision (ICD-9), were used to record underlying causes of death.
Statistical analysis
Death rates were calculated as the number of subjects who died per 1,000 personyears of follow-up. The period of risk extended from the date of the first biennial research examination after the age of 35 years in those with diabetes to death or 31 December 1998, whichever came earlier. Changes in death rates for diabetic nephropathy (DN) and ischemic heart disease (IHD) were examined during four 8. (12) and for linear association by the Mantel extension test (13) .
To assess the effect of access to RRT on underlying causes of death, trends were reexamined after the 151 subjects who were on RRT for at least 90 days were reclassified as if they had died of DN. Ninety days represents the median survival after the onset of kidney failure in the study subjects not receiving RRT. Subjects dying Ͻ90 days after the initiation of RRT were not reclassified. Median survival was ascertained by first determining the median serum creatinine concentration at the onset of RRT (6.9 mg/dl) in subjects who did receive RRT during the study, and then calculating the median survival from the date this creatinine value was reached in those dying without receiving RRT.
The risk of IHD death attributable to exposure to RRT, or the populationattributable risk, was computed as the difference in IHD death rates between the total population and those not receiving RRT divided by the IHD death rate in the total population (14) . Because few sub- jects received RRT in the first two study periods, the population-attributable risk for IHD in those with renal failure during these intervals was almost zero. Accordingly, the risk of IHD attributable to RRT by age-group within the population was computed for only the last two time intervals.
RESULTS -Of the 2,095 diabetic subjects (880 men and 1,215 women), all but 91 were American Indians, and 2,004 (96%) were at least 50% Pima, Tohono O'odham, or a mixture of these two closely related tribes. During a median follow-up of 11.1 years (range 0.01-34), 818 subjects died.
The age-and sex-adjusted death rate from all natural causes in diabetic Pima Indians was unchanged during the study (P ϭ 0.59) ( Table 1 ). The death rate from DN declined throughout the study (P ϭ 0.05). On the other hand, the IHD death rate increased from 3.3 deaths/1,000 person-years (95% CI 1.4 -5.2) in the first interval to 6.3 deaths/1,000 person-years (95% CI 4.5-8; P ϭ 0.03) in the last interval; the death rate for IHD exceeded that for DN in the third and fourth intervals (Fig. 1) . The proportion of IHD deaths attributable to RRT, i.e., the risk attributable to this exposure, was highest in subjects aged 35-54 years (64%) and declined with advanced age.
As shown in Table 2 , death rates in diabetic Pima Indians were higher in those with longer duration of diabetes in each interval. Moreover, the proportion of person-time accumulated in the diabetes duration category Ն10 years increased with each successive time interval, reflecting an increase in the average duration of diabetes over time.
To determine the effect of RRT on overall and cause-specific mortality, subjects who received RRT for at least 90 days and whose deaths were not already attributed to DN were reclassified as dying from DN. Of the 151 subjects who were reclassified, 48 were alive and receiving RRT at the end of the study; the remaining 103 subjects who died during the study interval were reclassified as "diabetic nephropathy" from other underlying causes of death, including 37 from IHD and 23 from infectious diseases (Table 3) . After reclassification, the age-and sex-adjusted death rate from all natural causes did not increase significantly (P ϭ 0.23) ( Table  4) . Deaths from DN increased from 4.8 deaths/1,000 person-years (95% CI 2.6 -7) to 11.3 deaths/1,000 person-years (95% CI 9 -13.6; P ϭ 0.0007), and the increase in the IHD death rate disappeared (P ϭ 0.57) (Fig. 1) .
Deaths from infectious diseases fluctuated widely during the study (P ϭ 0.04), but the large increase in the death rate from infections in the last interval disappeared after reclassification, since 15 of the 45 deaths (33%) attributed to infectious diseases in this interval were reclassified as due to DN. The death rates for leading causes other than IHD and infections were largely unchanged after reclassification.
CONCLUSIONS -The emergence of IHD as a leading underlying cause of death in diabetic Pima Indians can be attributed largely to the availability of RRT and the resulting shift from DN to other underlying causes of death. Since DN and IHD share many of the same risk factors (15, 16) , substantial reductions in deaths from DN probably made a rise in IHD death rates inevitable. This finding suggests that a change in clinical practice, rather than a worsening of cardiovascular risk per se (17) , is responsible for the current epidemic of IHD among diabetic patients in this population.
In the U.S., cardiovascular disease is the leading underlying cause of death among diabetic adults, and the Multinational Study of Vascular Disease in Diabetes (18) confirms the importance of IHD as the major cause of death in people *Forty-eight subjects who were alive and receiving RRT at the end of the study were also reclassified as dying of DN; †deaths from infectious diseases that were reclassified as DN included 15 parasitic infections, 6 influenza and pneumonias, and 2 skin infections; ‡includes 1 death from cardiovascular diseases other than IHD or stroke, 9 deaths from other diabetic causes, and 11 deaths from other natural causes.
across the world with either type 1 or type 2 diabetes. Marked ethnic variation in cardiovascular risk among diabetic patients does occur, however, with lower IHD mortality in Asian populations from Japan and Hong Kong than in Caucasian populations elsewhere (18). Wide variations in IHD morbidity and mortality have also been reported among American Indian tribes, whose remote ancestry is Asian (19) but whose degree of admixture with other ethnic groups, especially Caucasians, is varied. The overall trend in IHD mortality in some American Indian tribes, as in the Pima Indians, is increasing (17, 20) , but the impact of RRT on this trend in other American Indian tribes or in other populations is not known. The increasing death rate from IHD in diabetic American Indians may contrast with that in the U.S. diabetic population. Data from the first National Health and Nutrition Examination Survey (NHANES I) (21) suggest that IHD mortality, at least in men, has declined modestly over the last 20 years. Furthermore, in the predominantly Caucasian population of Rochester, Minnesota, mortality rates among diabetic persons declined by almost 14% over a 25-year period, attributed largely to a reduction in cardiovascular deaths (22) . Periodic glucose tolerance testing permits the onset and duration of diabetes in Pima Indians to be estimated more precisely than in other populations. In the present study, the proportion of subjects with diabetes Ն10 years' duration increased in each successive time interval, which potentially contributed to a rise in death rates during the study and also to the continued rise in rates of DN despite improvements in plasma glucose and blood pressure control (23) and the introduction of inhibitors of the reninangiotensin system. To ensure this trend did not reflect a systematic underestimation of diabetes duration in the early part of the study, the analysis was repeated in the subset of subjects (n ϭ 858) who had a nondiabetic examination within 5 years of diabetes diagnosis. In this analysis, the average duration of diabetes also increased in successive time intervals (data not shown), indicating that the extent of underestimation, if present, was likely to be small. The use of 90 days as the cut point for reclassifying subjects on RRT as dying from DN does not account for changes in clinical practice over the study period. Nevertheless, the use of different cut points did not affect the conclusions of this study.
Infections are also a major cause of death among Pima Indians receiving RRT, accounting for 30 (25%) of the deaths in this group. Twenty-three of these deaths occurred after 90 days of RRT and were reclassified as deaths due to DN in our analysis. The major causes of death from infections included pneumonia (27%), disseminated coccidioidomycosis (27%), and sepsis (13%), reflecting the comorbid conditions and the immune dysfunction that characterizes uremia. In the U.S. general population, infectious diseases are the second leading cause of death among patients with ESRD, following cardiovascular disease (3) . Sepsis accounts nationally for 75% of the infectious deaths, and pulmonary infections account for another 20% (3). Rate of hospitalizations for coccidioidomycosis and other fungal infections is also higher among dialysis patients in the U.S., particularly in those with diabetes (24) .
In summary, the incidence rate of kidney failure attributable to diabetes has increased rapidly in the Pima Indians over the past three decades, and the introduction and widespread use of RRT in this population has prolonged many lives among those with diabetes (25) . The initiation of RRT, however, has resulted in a rise in death rates due to displacing causes, particularly deaths from IHD and infectious diseases, and has led to the emergence of IHD as the leading cause of death in those with diabetes. The incidence of DN is high in populations such as the Pima Indians, in whom type 2 diabetes often occurs at young ages, and much of the fatal IHD develops in those with nephropathy. Therefore, prevention or delay of DN and the need for RRT may ultimately be the most effective way of preventing the increasing mortality rates from IHD in such populations. 
